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INTRODUCTION

A survey of the trematode parasites of marine flsnes
of Tomales and 3odega Bays, California, was instituted In the
Spring of 194-8.

Many adult forms were obtained, hut the

search progressively narrowed Itself to a study of the larval
trematodss of an area of Tomales Bay, known, as Nick's Cove.
Here an interesting cystophorous cercaria was discovered in
the littoral snail, Thais emarglnata.
At the time of the discovery 18 per cent of these
animals were found to be infected.

The site of infection of

the rediae containing cercarlae ranged from the gonad to the
distal tip of the digestive gland.
To the best of this writer 1 s, knowledge there are
only two other marine cystophorous cercarlae known on the
Pacific Coast.

One species was found developing in Thais

emarglnata and the other in Thais lamellosa both of Puget
Sound (H. K. Miller, 1925)-

In view of Miller's inadequate

description and the different number of flame cells observed,
this writer assumes that these are different species.
The writer wishes to express his sincere appreciation
to Dr. Alden E. Noble, Director of the Pacific Marine Station,
under whose direction this investigation was conducted, for
his helpful suggestions and criticisms.

Also, tne writer
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::es to thank Br. Charles Berolzhelmer for Italian trans— ons and Dr. Martin Y/» Johnson of The Scripps Institution

"Oceanography for the identification of copepods.

COLLECTJO:: AND EXAMINATION
Thais emagglnata was collected from the southern end
of Nick1s Cove where the rocky nature of the shore line
provides a favorable habitat for the snails.

The collections

were made on low tides when the snails were readily acces
sible along about a 500 foot front.

Initially, the snails

collected in the northern half of the area were 1 so la tea from
those collected in the southern half.

Subsequent examinations

of snails having shown a uniform distribution of the parasite
in both areas,, the segregations were discontinued.
The snails were Isolated in. watch glasses containing
a small amount of sea water and were examined daily for
several days.. Most generally, If the snails were liberating
cercaria,. their presence was. detected In the sea water upon
the first examination.

¥f

The number of cysts

liberated

diminished daily until after, several days there were no cysts

observed In the watch glasses.
During the time the snails were kept in watch glasses,
the sea water was changea. daily, but the animals were not

*Strictly speaking, it is incorrect to call the
cyst, as a true cyst is formed from the secret-ion
/ the
genous cells. Likewise, the term encysted, to rex
QU
animal withdrawn Into the tail vesicle, is not.
terms
strlcto. However, for the purpose of tills thesis,
"cyst" and "encystment!1 will be used sensu la o»
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Obviously infected snails were separated from those not
producing cercariae and put in larger bowls where conditions
for continued life were more favorable.

Usually after three

days the snails which had not produced cercariae were
dissected and examined.

The dissections consistently showed

that less than 1/3 of the infected snails had already re
vealed their infections by liberating cercariae.
Cercariae were pipetted from the bottoms of the
dishes and placed on slides where they were studied under
various magnifications.

Aceto-carmine was found to be

useful when introduced under the cover slip.

Methylene blue

and neutral red provided more satisfactory results on the
developmental stages than on the mature forms.
Upon removal of the shells snails revealed the
presence and extent of infections by discolorations and
other abnormal appearances of the digestive glands.

The

infected portions were then dissected to liberate the rediae,
which, in most cases, were numerous.

The rupturing of the

entangled sporocyst walls, in turn, liberated great numbers
of various stages of developing cercaria.

The rediae were

observed in the dissecting dish to determine their nature
and behavior.

Later they were transferred to slides for

closer observation by higher magnification.

The cercarial

body showed the excretory and digestive system best in the
unstained condition.

Smears of the digestive gland provided
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a very satisfactory means of study with intravitlms.
Morphological details were "best revealed from smears
of the digestive gland which were fixed in Gilson's Fluid
and stained with Heidenhain'a iron hematoxylin..

Other stains

employed were Harris hematoxylin, Mallory's triple connectivetissue stain, Henneguy's acid alum carmine, aceto-carmine,
methylene blue, neutral red, and Bismarck brown.
Some of the infected snails were fixed in toto in
Bouin's fixative and sectioned.

Heldenhain's iron-

hematoxylin, as in the case of smears, provided the best
results for this material.

Mallory's triple connective-

tissue stain was quite satisfactory.
and ten microns thick.

Sections were seven

MORPHOLOGY
The distome body (figs. 12 and 14) la elongate, 119.36
(115.2-128.0) microns; width 26.56(24.0-30.4) microns, with
a pre-oral lobe at the extreme anterior end.

The suckers

are of approximately equal size, 18.5(16.0-20.3) microns.
The oral sucker is followed by a small pharynx, 9.92(8.010.2) microns, which opens into a very poorly differentiated
esophagus.

The esophagus was rarely observed.

The Y-shaped

excretory vesicle has lateral extensions extending into the
second quarter of the body.

Four flame cells were observed:

a pair in the second body quarter and a pair in the third
body quarter.

The cuticle is unwrinkled and devoid of spines.

Penetration and cystogenous devices were not observed.

The

primative investing epithelium has nuclei arranged in pairs
at intervals along the body (fig. 17).

Epithelium similar to

this has been observed on other hemiurid cercaria (Pratt 1898,
Faust 1921, Rothschild 1938).

The tail is attached to the

body by means of a peduncle which sirises from the inner
protoplasmic layer of the tail.
The bulbous tail (figs. 11 and 14), 77.12(72.0-83.2)
microns long; 71.04(68.8-73.5) microns wide, with its
central vesicle is covered by a thick cuticula and is lined
with an inner protoplasmic layer which includes groups of
cells of unknown function and from which the various
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appendages arise.

At an early stage of development a pair

of flame cells appear and soon disintegrate. This is the
last vestige of the excretory system observed in the tail.
The tail is characterized by two appendages: Appendage I,
the delivery tube, which serves as a passage for the excysting cerearia, and Appendage II which is degenerate and
apparently non-functional. As the tail cavity if formed,
Appendage X is drawn into the cavity. This is accomplished
by telescoping of the appendage cells as the nuclei degener
ate. The appendage completely occupies the entire tail
cavity prior to encystment. It has atrophied to a
filamentous stump on the cuticle.
The encysted cercaria, 82.08(73.6-88.0} microns wide;
72.48(68.3-80.0) microns long; 54.72(51.2-57,6) microns at
the thickest point, occupies the larger part of the tall
cavity extending around two and two-thirds of the periphera
at its greatest depth. The cercaria, which entered the cyst
posterior end first, has shifted its position so that the
anterior end of the cercaria is in the proximity of the base
of Appendage I.

Appendage I Is forced into a small portion

of the cavity. (Pig. 13).
The simple sac-like redia (figs. 1 and 2) is irregular
in outline, being constricted at intervals. The mouth opens
into a short gut which fills the entire anterior end.
Immediately posterior to the gut is the central cavity of
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the redia which harbors the developing cercaria.

All stages

of development are found here from germ balls to, in some
cases, encysted cercariae#

The posterior end is degenerate

with its supply of germ balls apparently exhausted.
The only motion of the redia observed was a peristal
tic action which caused the contents to flow alternately
posteriorly and anteriorly.
The size of rediae observed was from 1.97 mm. X .09
mm. to 8.4 mm. X .19 mm.

DEVELOPMENT
The earliest stage noted was an eight-cell germ hall
(fig. 3). After further cleavage, the posterior third of
the embryo underwent progressive constriction (fig. 7) which
ultimately produced a body proper on one side of the con
striction and the highly modified tail on the other side.
As the constriction became quite pronounced, the first sign
of the Y-shaped excretory vesicle was

observed (fig.7).

The base of the Y extended through the median portion of the
tail and opened at its posterior end.

The bifurcation of

the Y occured just anterior to the constriction, and the
lateral arms terminated at about the posterior third of the
body (fig. 8}. As constriction continued, a group of cells
(Appendage I, figs. 8 and 9) were segregated along the
anterior right margin of the tail. This group elongated and
grew out of the tail at its juncture with the body.

As the

group continued elongation, another column of cells within
the tail became differentiated eventually, forming an
internal extension of Appendage I (fig. 10).
This extension extended obliquely to the posterior
portion of the tail before turning anteriad and terminating
at the right lateral, mid-third of the tail.

The external

group continued to elongate, and another group of cells
(Appendage IX, fig. 10) separated on the right lateral margin
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of the tail. This group became pyrlform and remained
attached to the cuticle of the tail by means of a thin cuticular stalk. The tail at this stage was three-fourths the
size of the body in its contracted state, and two flame cells
were observed on the left posterior third of the tail (fig.
10).

The excretory system, of the body at this stage was com

posed of a rather clearly defined excretory vesicle extending
anteriad from the juncture of the tail and body. It bifur
cated at the posterior margin of the ventral sucker, the
lateral branches extending into the anterior third of the
body.

Two pairs of flame cells were observed in the middle

third of the body, but their connections were not determined
(fig. 11 and 12).

When Appendage I had attained almost three

times the body length, the heavy-staining nuclei of the tail
cells degenerated, and a vesicle was formed.

Appendage I

was then with-drawn into this vesicular portion of the tail,
and the nuclei at the distal end of Appendage II degenerated,
leaving only a inconspicuous cuticular filament. The
cercarial body became quite active, extending and contracting
at more frequent intervals, until the pedunculate attachment
of the tail was broken.

The cercaria was observed crawling

into the vesicle of the tail. At that time the thick cuticula of the tall seemed to expand. A vestige of the orifice
described by Rothschild (1938) was observed as a thickening
of the cuticle at the point of entrance into the tail.

TABLE OF L!EASUREirSNT
(MEASUREMENTS IN MICRONS)

Body
Length
36.8
41.6
46.4
51.2
54.4
60.3
62.4
65.5
75.2
81.6
86.4
92.8
100.3
104.0
112.0
120.0

Body
Width
27.2
44.S
48.0
49.6
49.6
48.0
49.6
44.8
41.6
36.3
33.6
35.2
36.8
30.4
32.0
35.2

Tail
Length
22.4
27.2
25.6
41.6
38.4
46.4
48.0
54.4
56.0
60.8
67.2
72.0
68.8
67.2
73.6
73.6

Tail
Width
33.6
33•6
27.2
32.0
41.6
46.4
64.0
59.2
62.4
65.6
70.4
72.0
73.6
73.6
73.6
70.4

Explanation of letters:
nd - Not developed
nm - Not measurable
inv - Inverted

Appen
dage I
Length
nd
nd
20.9
30.4
68.8
89.6
131.2
152.0
196.8
241.6
281.6
260.S
246.4
inv
inv
Inv

Appen- Appen- Appen
dage I dage H dag© II
V/idth Length Width
nd
nd
9.5
12.3
8.0
8.0
0.0
8.0
8.0
6.4
8.0
8.0
8.0
inv
inv
inv

nd
nd
nd
6.4
11.2
17.5
33.6
30.4
33.6
43.2
48.0
9.6
nm
nm
nm
nm

nd
nd
nd
14.4
12.3
11.2
9.5
9.5
9.5
8.0
8.0
6.1
nm
nm
nm
nm

EEER3EECE
The method of emergence of the cercarla from the snail
was not determined.

However, certain experiments were

performed and observations were made that, perhaps, are
relevant, thereto.
Early. In this Investigation the writer noticed that
upon dissection of' a snail there were few encysted cercariao
in the sea water in the dissecting dish (syracuse watch
glass).

However, after several hours in the sea water quite

a few encysted cercaria were observed in the bottom of the
dish.
On the basis of the above, two watch glasses were
prepared, one containing normal sea water and another in
which the salinity of the sea water had been Increased some
what by the addition of salt crystals obtained from evapor
ated sea water.

A snail which was liberating cercariae was

then dissected.

Reaiae were taken from this dish ana placed

in the two dishes which were prepared.

Each dish was exam

ined immediately to determine the aegree of encystment.
Each dish contained matured ana aeveioping cercariae, but no
encysted forms were observed.
dishe3 were re-examined.

At the end of ten minutes the

In the dish containing normal sea

water the cercarla were much as observed before.

The dish

with the increased saline solution had a few cercariae
already encysted, and other mature forms were quite active.

While a t t h e end of an h o u r , excysted forma could be found i n
t h e normal s e a w a t e r , t h e o t h e r d i s h contained many encysted
cercariae.

I n l i g h t of t h e above experiment t h e c e r c a r i a e

may escape t h e s n a i l p r i o r t o normal encystment.
Excystment of t h i s c e r c a r i a i s e a s i l y accomplished by
t h e a p p l i c a t i o n of a s l i g h t pressure on t h e c o v e r s l i p as was
r e p o r t e d f o r Cercaria p r o J e t a by Wllley (1930) and f o r other
cystophorous c e r c a r i a e by s e v e r a l other i n v e s t i g a t o r s .

When

p r e s s u r e i s a p p l i e d , t h e d e l i v e r y tube (Appendage I , Krull
1935) i s i n s t a n t a n e o u s l y everted a s i f by s t r o n g i n t r a c y s t i c
p r e s s u r e , d i a l a t i n g t h e t u b e as t h e body i s e x p e l l e d .

This

i n s t a n t a n e o u s everslon i s b e l i e v e d , by some w r i t e r s , t o
puncture t h e gut of t h e copepod.

The c e r c a r i a l body i s

markedly a t t e n u a t e d d u r i n g i t s passage through t h e d e l i v e r y
tube.

The c e r c a r i a then crawls f e e b l y about t h e s l i d e f o r

about an h o u r .

No attempts were made t o keep t h e l i b e r a t e d

c e r c a r i a a l i v e longer than t h i s .

OBSERVATIONS ON LIFE CYCLE
Since hemiurid metacercaria have "been reported as
found, not infrequently, in small crestaceans, the arthropods
of the Nick's Cove area were carefully examined.

Adult crabs,

shrimps, amphipods, isopods,barnacles, and copepods, as well
as their larvae obtained from plankton hauls, were studied,
but no hemiurid metacercariae were observed.

Several other

types of metacercariae, however, were found and studied in
collaboration with Fisk (1948).

In addition to being found

in arthropods, hemiurid metacercariae have been found in
ctenophores, chaetognaths, annelids, and encysted in teleost
fishes, but these are presumed to be accidental infections
(Dollfus 1923).
Many attempts were made to establish artificial
infections by placing various crustaceans in an aquarium
which had been stocked both with snails liberating cercarlae
and with cercariae collected from watch glasses.

The

arthropods were allowed to remain in the aquarium from one
hour to five days and were examined after removed.
A rich collection of copepods from Tomales Bay,
obtained from Dr. James E. Lynch, having been found to be
uninfected, was added to an aquarium as described above.
Some of these copepods were examined five days after their
introduction into the aquarium, and all the observed members
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of Tlsbe furcata were found to harbor from five to eight
hemiurid metacercaria in. the hemocoel of the posterior twothirds of the body. Some of these specimens were preserved;
others were dissected to liberate the parasites and to
facilitate a closer and more detailed examination.

Morpho

logical similarity to cercarlae collected from Thais
emarglnata coupled with the high incidence of infection
would seem to indicate this copepod is capable of serving as
the second intermediate host of this cystophorous cercaria.

DISCUSSION
The following twenty-two species of cystophorous
cercariae have been described:

Cercarla cystophora Wagener

1866, C. capsularis Sonsino 1892, Cj^ apendlculata Pelseneer
1906, C_. vaullegeardll Pelseneer 1906,

Sagittarius

Sinitsin 1911, C_^ laqueator Sinitsin 1911, Cj^ yoshldae
Yoshida 1917, C^ californiensIs Cort and Nichols 1920, C.
syrlngl cauda Faust 1922, C^ lndlcae XXXV Sew ell 1922, C.
callloatomae Dollfus 1923,

Invaglnata Faust 1924, C.

macrocercoides Faust 1926 (C_» macrura Faust 1921 preoccupied),
C» blflagellata Faust 1926, Cj» pro,1 ecta Wllley 1930, C»
sphaerula Thomas 1934, Cerearia of Hallpegus occldualls Krull
1935, Cj» klmberleyana and five others Porter 1938, C.
slnitzlnl Rothschild! 1938, £. rothschlldl Palombi 1940,
Cercaria of Lecithaster confusus Hunninen and Cable 1943,
Cerearia of Hallpegus amherstens1s Rankin 1944,
Although approximately thirty marine and freshwater
cystophorous cercariae have been described or observed, very
few of their life cycles are known.

Those that have been

traced experimentally are largely limited to species of
Hallpegus, a curious group of freshwater trematodes inhabit
ing the oral cavity and eustachian tubes of amphibians, and
to Lecithaster confusus, a hemurid of marine fishes.
Kalipegus is the only

genus of the Halipegidae according to

17
Dawes (1946),
Other* forms have been reported from time to time
without being named or adequately described, H. M» Killer
published superficial observations on three different species
of cystophorous cercaria in one year.

He found two species

at Puget Sound and one at Tortugas, Florida.

Rothschild has

found another cystophorous cercaria which 13 as yet unpub
lished. The writer of this paper has discovered a second
species of cystophorous cercaria from Tomales Bay during
January 19SO,
Lecithaster confusus has a small cystophorous larva
developing in elongate, constricted rediae in the digestive
gland of the marine snail Odostomla trlfIda, collected from
Waquoit Bay, Massachusetts, U.S.A.
Cercariae are Ingested by copepods of the genus
Acartla and. develop into unencysted, active metacercariae In
the hemocoele of the copepod.

Adult worms were recovered

from the intestine of stickleback, Apeltes quadracus, which
had been fed infected copepods. The definitive host list of
L. confusus includes A^ quadracus, the killlfish, Fundulus
heteroclltus and

ma.1alls, all of which were found to

harbor natural infections.
Development of the cercaria from the germ ball has
been traced, and the excretory system of the adult has been
described.

An anterior excretory commissure is present in
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the metacercaria but disappears In the adult stage, Indicat
ing, according to Hunninen and Cable, that Leclthaster is an
aberrant genus of the family Hemluridae.

A posterior com

missure is present in both the metacercaria and in the adult
stages.
The Halipegidae includes three species for which the
life cycles have been experimentally determined:

Slnitzin

(1905) found that Cercarla cystophora (Wegener, 1866) from
Planorbla marglnatua encysted in the dragonfly, Colopteryx
vlrgo, and later developed into Hallpegus ovocaudatus in
frogs.

Krull (1935) found that the snail Hellsoma antrosa,

the dragonfly Llbellula lncesta, and the crustaceans Cyclops
vernalis and C_. serrulatus served as intermediate hosts, and
frog, Rana clacaltans, as the definitive host for 11^ occudualis.

The life cycle of H» eccentrlcus was reported by

Thomas (1939), who found that snails of the genera Physa
and Helisoma served as first intermediate hosts.

The

cercariae were found to be swallowed by copepods (cyclops)
where they develop free in the coelom while tadpoles
swallowed the infected cyclops.

Thomas found that the worms

remain in the stomach of the tadpole until the tadpole
metamorphoses into a frog, following which they migrate up
the esophagus and lodge in the eustachian tubes.
In spite of the number of cystophorous cercariae
reported, there is still very little known about their
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morphology and histology..

There is virtually nothing known

of the functions of the various groups of cells within the
bizarre tail.

There has been much speculation concerning

the purposes of the various appendages and cells, but as yet
most of the functions are problematical.

Appendage I is the

only appendage for which any function is clearly evident.
Palombi (1940) records a personal report from Rothschild in
which she interprets the function of one of the other appen
dages as an organ of attachment to the copepod.

Rankin

(1944) reports; that the body of the cercaria of Hallne-ruB
amberstensis may be everted from the cyst and, as in the case
of the non-retractile delivery tube, waved about to attract
copepods which then ingest them.
The smaller appendages, in the opinion of this
writer, are easily overlooked.

This may account for the

apparently sudden appearance of the filamentous appendage
of the encysted stages of L. confusus»

This appendage is

similar to the degenerating form of Appendage II of the
Tonales Bay cercaria here described.
The cercaria described in this paper differs from all
other described marine cystophorous cercariae in the number,
size, and location of appendages, and also the flame cell
pattern.

The cercaria of

confusus appears to be

morphologically more similar to this Tomale3 Bay species
than is any other species yet reported.

Since, however.

f l a m e c e l l s I n t h e c e r c a r l a l s t a g e of L e c l t h a 3 t e r confuaus
were n o t o b s e r v e d by Hunnlnen and C a b l e , a comparison of
f l a m e c e l l p a t t e r n s c o u l d n o t b e made.

SUMMARY

A new cystophorous c e r c a r i a from Thais emarcMnata
1

Tomales Bay, C a l i f o r n i a i s d e s c r i b e d .

'

•

lW

M M

Some observations on

l i f e h i s t o r y , including t h e experimental i n f e c t i o n s of
copepods Tisbe f u r c a t a . a r e recorded; and a b r i e f discussion
of cystophorous c e r c a r i a e , t h e i r l i f e cycles and r e l a t i o n 
s h i p s has been attempted.

EXPLANATION OF PLATE
Outlines of all figures were made with the aid of a
camera lucida.
Fig. 1

Anterior end of redia.

Fig. 2

Outline of entire redia.

Fig. 3

Eight-eell genu ball from smear.

Fig. 4

Sixteen cell germ ball from smear.

Fig. 5 and 6
Figs. 7 to 11

Germ balls.

30x
10.5x
425x
712x

225x

Stages of developing cercaria.

225x

Fig. 12 Fully developed cercaria prior to encystment.
225x
Fig* 13

Encysted cercaria.

225x

Fig* 14

Composite drawing of cercaria.

Fig. 15 Distal portion of Appendage I prior to
withdrawal into cyst cavity. 425x
Fig. 16 Distal portion of Appendage II prior to
atrophy* 712x
Fig. 17 Cells of primatlve investing epithelium.
425x

EXPLANATION OF LETTERING
AI

-

Appendage I

All -

Appendage II

B

-

Body of cercaria

CI

-

Cutlcular invagination
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CM

-

Cyst membrane

CW

-

Cyst wall

CT

-

Cuticuiar thickening

DC

-

Developing cercariae

DE

-

Degenerate posterior end of redia

ES

-

Es ophagus

E

-

Excretory vesicle

FC

-

Flame cell

G

-

Gut of redia

GC

-

Group of cells of unknown function

GN -

Giant nucleus

IC

-

Internal column of cells Appendage I

IA

-

Lateral arms of excretory vesicle

M

-

Mouth of redia

0

-

Oral sucker

P

-

Pharynx

FD

-

Peduncle

PE

-

Primative epithelium

PL

-

Pre oral lobe

T

-

Tall

TC

-

Tall cavity

V

-

Ventral

sucker
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